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Eureka
Zika!

How the feared virus may be
the key to treating Gliobastoma
By Samantha Palicz

W

ith the recent surge of
women in Central and
South America giving birth to
babies with abnormally small
heads, the Zika virus has become
a popular topic of discussion in
the media. The Center for Disease
Control has issued travel warnings
for pregnant women and those of
childbearing age regarding traveling to countries where Zika is
prevalent.1,2 The virus is a mosquito-borne infection that is spread
either from the bite of a mosquito
or passed sexually from one partner to another.1 For most, the infection goes either unnoticed or

results in mild flu-like symptoms.1
It is how the virus spreads from
mother to fetus during pregnancy that is concerning. But even
though the fears of pregnant women are justifiable, this virus may be
the key to unlocking a treatment
for Glioblastoma, a form of brain
cancer.
Zika and Pregnancy:
A terrifying tale
When a mother is infected with
Zika during pregnancy, it can
cause deleterious effects on the
fetus throughout development.

Among these are birth defects and
problems including miscarriages,
stillbirths, and extreme degrees of
microcephaly.1 Of these, the most
common and simultaneously severe birth defect is microcephaly.
Microcephaly can be simply defined as an abnormally small brain
that is indicative of incomplete
brain formation.1,2,3 Physically,
microcephaly is characterized by a
reduction in head circumference.
Behaviorally, microcephaly results
in motor, visual, hearing and cognitive impairments.3
The transmission of the
virus from mother to child during
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??

Did You Know?
The Zika virus has been
identified in and carried by
mosquitoes in Miami, Florida now.1

pregnancy results in these drastic
fetal brain abnormalities because
the virus can cross the mother’s blood to the developing fetal
brain.4 It remains unknown how
the virus is capable of this, but it
appears that the Zika virus then
only attacks undifferentiated and
still developing fetal brain cells
that would otherwise be growing
into brain cells with specific functions.5 It is these undifferentiated
brain cells that grow and form the
brain. The presence of the virus in
the brain is associated with both a
decrease in the production of and
death of the fetal undifferentiated
brain cells resulting in a smaller
and underdeveloped brain.
Recent reports from the
Brazilian Ministry of Health suggest that the number of cases of
microcephaly in newborns has
increased by a factor of about 20
with the presence of Zika.3 A research team followed the case of a
25-year-old pregnant woman who
was infected with Zika during

“The Embryo”
by gdakaska is
licensed by CC0.
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her first trimester. The researchers
wanted to look into the passing of
the virus from mother to fetus, as
well as, the effects of the virus on
the developing fetus.3 At 32 weeks,
fetal brain imaging showed evidence of brain abnormalities that
were indicative of severe microcephaly.3 The pregnancy was terminated at this point and further
studies were run.3 The results were
shocking. It was found that the fetus was only in the fifth percentile
for body weight and the head size
was in the first percentile.3 Furthermore, the placenta weight was
only in the third percentile and the
whole brain weight was four standard deviations below average.3
They also found that the Zika virus was local to just the brain and
not found in any other organs.
This is a very important finding as
it demonstrates that Zika only infects and attacks brain cells.
In a similar study, another
pregnant woman who contracted Zika early in pregnancy was
followed by researcher and they
found similar and equally upsetting.5 Between weeks 16 and 20 of
pregnancy, the fetal head circumference decreased from the 47th
percentile to the 24th percentile
and at 20 weeks, substantial brain
abnormalities were observed.5 The
fetus did not survive pregnancy
and postmortem analysis revealed
severe microcephaly and high levels of the Zika virus present both
in the placenta and in the brain
tissue.5 However, an important
finding was obtained from this
devastating case; the virus only
caused cell death in the undifferentiated fetal brain cells and not

“Microcephaly” by CDC is licensed by
Public Domain.

in developed brain cells.5 This was
apparent as no microscopic abnormalities were found in the eyes,
spinal cord, spinal nerves, or in
the well-differentiated neurons of
brain areas such as the basal ganglia and limbic.5
Why Zika is causing so much
trouble now
The Zika virus was first initially isolated in 1947 in Uganda so
why is it just now causing so much
trouble?3,5 From sequencing the
genome of Zika virus samples isolated from infected people and fetuses, researchers discovered that a
single change in a sequence of the
viral DNA that codes for a structural protein of the virus seems to
have occurred in 2013.6 It has been
proposed that this one mutation is
responsible for why the virus now
has the ability to aggressively attack fetal brain cells resulting in
the observed developmental abnormalities such as microcephaly.6
Studies involving mice, each with
a differently mutated strain of the
Zika virus, demonstrated that this
one specific mutation causes the
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Did You Know?
Since 2013, there have been
just over 4000 cases of babies
born with Zika related to microcephaly.1
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“Gene Editing” by
Julie McMurry is
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most damage. This new, modern
strain of the Zika virus kills more
fetal brain cells than the ancestral,
or older, strain.6
A fear for some, but a blessing
for others
While the modern Zika virus has
calamitous effects on the developing brains of fetuses, in the near future, this feared virus may be an effective treatment for glioblastoma,
a deadly brain cancer. A research
group from Washington University School of Medicine in St. Louis
and the University of California
San Diego School of Medicine
has shown that the Zika virus kills
brain cancer stem cells.7 This is incredible as these stem cells are the
most resistant to the current treatments provided for glioblastoma.
Glioblastoma are brain
tumors that arise from cells in the
brain called astrocytes, which are
supportive, star-shaped cells found
in the brain.8 Glioblastoma are
considered especially dangerous
because they grow quickly.8 The
fast growth of these tumors results
in symptoms that are the direct
result of increased pressure on the
brain.8 Some of these symptoms
include headaches, dizziness and
sudden changes in vision.8 De-

spite the current treatment of surgery, chemotherapy, and radiation,
glioblastoma remain lethal with an
average survival rate of fewer than
two years.9
Every year, about 12,000
people are diagnosed with glioblastoma in the United States and it is
the most common form of brain
cancer.7 The standard treatment is
aggressive with surgery, followed
by chemotherapy and radiation.
Yet, most tumors recur within six
months and less than ten percent
of patients diagnosed will live to
five years post their diagnosis.8
The cancer is so aggressive in its
growth because the glioblastoma stem cells survive the current
treatments offered and continue
to divide, thus producing new tumor cells to replace the ones being
killed during treatment.8
Unlike other cancers, glioblastoma do not spread to other
parts of the body.9 In fact, in most
patients, the tumors continue to
grow from their original locations,
even after the majority of the tumor has been surgically removed.9
This is because glioblastoma have
root-like projections that contain
glioblastoma neural stem cells
from which the tumor grows.8

“Glioblastoma” by Christaras A is
licensed by CC BY 2.5.
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Did You Know?
Gliobastoma is the same
brain cancer that took the
lives of Jimmy Carter, Ted
Kennedy, and Gary Carter
and is the cancer that Senator John McCain was recently diagnosed with.

The projections of glioblastoma
take root and this makes them
very hard to remove. Surgeons are
especially cautious when they are
removing tumors in brain regions
that control important functions
such as vision, language, and coordination.8,9 Since glioblastoma have this unique trait of not
spreading and regrow from their
roots, researchers have begun to
investigate using viruses as a way
to attack theses cancerous roots.4,9
The effects of the Zika
virus on fetal brain cells versus
developed brain cells has led researchers to think of the Zika
virus as a potential treatment
method for glioblastoma.9 This
may be possible because the virus
has shown to differentially attack
only fetal brain cells, such as neural stem cells. These types of cells
also happen to be the cells found
in the root projections of the glioblastoma tumors.
There are many similarities between glioblastoma neural
stem cells and the brain cells in a
developing fetal brain.9,10 Glioblastoma stem cells resemble fetal neural stem cells both in their
neurological origins and ability to
grow and create new cells.8 One
of the only differences between
the two is that neural stem cells
and fetal brain cells stop grow111
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ing in response to environmental
cues within the brain once they
have developed, whereas glioblastoma stem cells do not respond
to these cues to stop growing.10 It
was the similarities between fetal
brain cells and glioblastoma stem
cells that led Dr. Zhe Zhu to consider the potential use of the Zika
virus to target and destroy the tumor-specific stem cells of glioblastoma.10
In lab studies, when Zika
was added to dishes containing
human glioblastoma stem cell cultures, the virus completely infected and killed the glioblastoma cells
and no regrowth was observed.9
When speaking about their results,
Jeremy Rich, M.S., stated that,
“Zika very specifically killed brain
tumor stem cells with little effect
on differentiated tumor cells and
adult neural cells.”10 Furthermore,
mice models with glioblastoma
tumors survived much longer
and at greater rates when injected with a mouse-specific strain of
Zika.9 These results suggest that
Zika can preferentially target the
glioblastoma stem cells that drive
tumor growth. Since traditional
treatment for glioblastoma fails
to eliminate the stem cells, the
tumors continue to regrow. By in-

“Planta Cérebro Coluna” by OpenClipart-Vectors is licensed by CC0.

troducing Zika into the treatment
plan, the virus would help combat
this problem as it would attack
just the glioblastoma stem cells in
the roots of the tumor.
So, overall, how does this
work? When combined with the
current treatment methods, Zika
literally gets to the root of the
problem. When introduced to a
tumor, Zika spreads through the
tumor, infecting and killing the
tumor stem cells. Then a combination of radiation, chemotherapy, and surgery could be used to
kill the bulk of the tumor. Imagine
that your yard is full of dandelions. Sure you can temporarily get
rid of them by mowing or plucking them, but that is a temporary
fix. This is the same problem when
treating glioblastoma. Sure we can
remove the bulk of the weed, or in
this case the tumor, but if the roots
are left, the weed will grow back.
That is where Zika comes in. Like
a weed spray or a patient gardener, Zika gets down and kills at the
roots to prevent any regrowth.

that Zika specifically targets only
neural stem cells and has no effect
on differentiated brain cells, where
to next? First, more research needs
to be done before this becomes a
feasible treatment option because
we cannot just inject people with
the modern and active Zika virus
as it is now. Researchers are already looking into bioengineering
the virus to be more safe, while
still being as effective.10,11 They are
looking to introduce additional
mutations to prevent the infection
from spreading after being therapeutically introduced. Excitedly,
one of the researchers stated that
“Once we add a few more changes,
I think it’s going to be impossible
for the virus to overcome them
and cause disease.”7 Additionally,
the researchers are cautious as it is
possible that the virus may behave
differently than has been observed
when introduced to an active glioblastoma in a person.11 It is also
still unknown how long the virus
remains active once in the body.
Bioengineering: Making good
out of the bad
While this idea of using Zika, a
feared and dangerous virus, to
treat brain cancer seems revolutionary, researchers have actually
been bioengineering treatments

What does this all mean?
Now that early studies have shown
Adapted from Zhu et al. (2017)
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Adapted from “Botox Moving Into
the Medicine Cabinet by Lee Health,
licensed by CC0.

out of deadly viruses and toxins
for quite some time. For example,
back in the 18th century, Edward
Jenner used cowpox to protect
humans against smallpox.12 Fast
Forward to the 1960s, and “vaccinating” was supported and campaigned for by the World Health
Organization and this resulted in
the elimination of smallpox.12 The
success of vaccines has also led to a
drastic decrease in the occurrence
of polio and measles and are also
proving to be helpful in preventing hepatitis B and human papilloma virus induced cancers.12 Recently, the measles virus has also
been bioengineered and may have
an ability to specifically target a
known marker for tumor-initiating cells in glioma, colon and hepatocellular cancer as evidenced by
success in mouse tumor models.13
In addition to the use of
viruses to fight cancers, over the
years, a neurotoxin has become a
popularly used substance to treat
a variety of disorders. Botulinum
toxin is the neurotoxin that is
responsible for botulism.14 The
toxin works by interfering with
the release of a neurotransmitter,
acetylcholine, that is responsible
for muscle function.15 The toxin
blocks the release of acetylcholine,
thus resulting in a form of paral-

ysis.16 Botulinum toxin is one of
the most poisonous biological substances known, but bioengineers
and researchers have found a way
to harness the power of this toxin and turn it into a “miracle poison.”16 Botulinum toxin, or more
commonly referred to now as Botox, is now widely used to treat
a variety of medical conditions
including problems with muscle
spasticity, migraines, hyperhidrosis, and even for cosmetic purposes to reduce the effects of aging on
appearance.16
Botox has shown to be
beneficial and even life-changing
for people who suffer from cerebral palsy.17 Children with cerebral
palsy often suffer from spastic, or
rigidly tense, muscles.17 Despite
early interventions with physical
therapy and bracing, these tense
muscles can lead to permanent deformities in the legs and feet and
thus will negatively impact an individual’s ability to walk normally
or at all.17 This is where controlled
injections of Botulinum Toxin
Type A work as a therapeutic treatment. The toxin works by reducing the rigidity of the muscle and
the muscle tone by disrupting the
release of the acetylcholine that is
causing the muscle contractions.

“Cerebral palsy” by National Institutes
of Health is licensed by CC BY-NC 2.0.
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Since 2000, Botox-A injections
have been the #1 medical procedure in the United States.18

With muscles that over contract
and do not release, the toxin is a
blessing. Botox injections into the
leg muscles allow the muscles to
relax just enough to allow for the
development of proper walking
habits during physical therapy,
strengthening of surrounding support muscles, and improved balance.17 Together, this all leads to
an overall improved quality of life.
Botox has also become
a method of treating severe migraines. As with treating muscle
rigidity in patients with cerebral
palsy, botulinum toxin-A has
shown to reduce pain associated
with muscle spasms that can lead
to migraines.15 Controlled injections of Botox-A into the forehead
are effective in reducing migraine
frequency, severity, and associated
vomiting as it reduces muscle contractions believed to be causal, at
least in part, to migraines.15 Studies, like the one done by Dr. Stephen Silberstein, have also shown
that the toxin may be inhibiting
the pain pathway as well.15 Additionally, the effects seem to last for
up to 3 months at a time and with
limited side effects at proper dosage levels.15
As if helping kids with
cerebral palsy and lessening the
intensity of migraines were not
enough, Botox-A has also been
clinically proven to help those
with hyperhidrosis (overactive
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sweat glands).14 In addition to relaxing spastic muscles, Botox-A
also inhibits sweat gland activity.14
The inhibitory action of Botox-A
extends beyond muscles and includes inhibition of other nerve fibers such as those in sweat glands.
Hyperhidrosis commonly results
in the overproduction of sweat on
the hands, and/or forehead, and/or
underarms.14 Botox-A has shown
to be an effective method at temporarily reducing the amount of
sweat produced when other medical treatments fail. It is a more
feasible and less dramatic option
for many than having their sweat
glands surgically removed as some
level of perspiration is still necessary to cool the body and prevent
friction irritation.14 Controlled injections of Botox-A are effective for
many at reducing sweating when
injected into the hands, forehead
and/or underarms.14 A clinical
study demonstrated that Botox-A
was successful in reducing sweating with no reported side effects
and can last anywhere between 6
and 11 months depending on the
injection site.14
The future with Zika
The history and success of the clinical use of biologically engineered
viruses and toxins as treatments
speak for itself. These once feared
viruses and toxins have improved
and continue to improve the lives
of people of all ages, backgrounds,
and economic status worldwide. It
appears now, that the Zika virus is
next up to save lives, rather than
destroy them. With continued
studying, the power of the Zika
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virus may help cure brain cancer.
Viruses and toxins exist
in our environment and all function in specific ways with specific
targets. By further studying what
we biologically fear, not only can
we treat these infections more effectively, but we can also use these
viruses and toxins to treat other illnesses. It is feasible to believe that
within the next decade, the Zika
virus could be adding years to lives
by attacking and destroying cancerous tumor stem cells.
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